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ABSTRACT 
This paper presents the findings of compositional analysis 
using a number of Chinese ceramics of different styles 
from the twelfth-thirteenth-century Java Sea Shipwreck. 
Specifically discussed are the results of laser ablation-
inductively coupled plasma-mass spectrometry (LA-ICP-
MS) analysis conducted at The Field Museum of Natural 
History in Chicago on a selection of high-fired ceramics 
from the shipwreck, including qingbai (light whitish-blue 
glazed), green-glazed, and painted wares. This project 
was undertaken in order to assess correlations between 
style and material and to begin to identify potential kiln 
sites where the pieces were manufactured. By doing so, 
we can better understand the organization, intensity, and 
scale of ceramic production in China at the time and how 
these commodities linked Chinese producers to consumers 
throughout East and Southeast Asia and the Indian Ocean 
World. 
INTRODUCTION 
Based on archaeological research and historical records 
(e.g., Dreyer 2007; Dunn 1989; Rockhill 1913, 1914, 
1915a, b; Zhao 2012 [1911]), it is clear that, during the 
early to mid-second millennium AD, East and Southeast 
Asia were part of large, complex maritime trading sys-
tems, which included societies living in the South China 
Sea region as well as the coastal areas along the Indian 
Ocean and parts of the Middle East. Through these trade 
networks, China’s elite acquired exotic items such as 
spices, beeswax, aromatic resin, ivory, rhinoceros horn, 
tortoise shell, coral, pearls, crystal, birds’ nests, tropical 
hardwoods, cotton, and marine delicacies as prestige 
items. The Southeast Asian political elite procured gold, 
lead, tin, iron, copper cash, silk, beads, and high-fired 
ceramics from China, India, the Middle East, and East 
Africa (Hall 1985, 1999, 2011; Kauz 2010; Miksic, et al. 
1994; Reid 1988a, b; Scott 1989; Wade 2009; Wheatley 
1959; Wu 1959). During this time, China’s ceramic ex-
port industry flourished, and high-fired Chinese stoneware 
and porcelain from this period have been found as far 
away as South and Southwest Asia and East Africa 
(Chaudhuri 1985; Hall and Whitmore 1976; Kauz 2010; 
Kusimba 1999; Oka, et al. 2009). 
In order to promote trade and ensure a stable flow of 
exotic goods, China’s Northern Song dynasty (AD 960–
1126) instituted a tributary system through which foreign 
leaders and merchants could gain favored trade status and 
engage in regular exchange with China (Junker 1999, 
2004; Wu 1959). This system thrived for a time; however, 
trade between China and Southeast Asia became so vig-
orous that China’s own supply of copper cash was deplet-
ed (Flecker 2003; Guy 1986). To address this growing 
deficit, merchants were encouraged to trade ceramics and 
silk instead, and they found ready markets especially in 
Southeast Asia and the Middle East. 
During the Southern Song dynasty (AD 1126–1279), 
the Chinese court was forced to relocate south to Hang-
zhou in Zhejiang province to evade attacks from northern 
invaders. Consequently, China lost much of its access to 
the overland routes to the west, and maritime trade ports 
became increasingly important (Deng 1997; So 2000). 
During this period, Quanzhou, which was close to Hang-
zhou, replaced Guangzhou as China’s largest port (Figure 
1). Also during this period, for the first time ever, private 
traders from China were allowed and encouraged to en-
gage directly in overseas trade. As a result of this free 
trade, the tribute system waned and Southeast Asian ports 
flourished and continued to do so into the Yuan dynasty 
(AD 1271–1368). Traditionally, scholars have relied 
largely on historical records and finds from terrestrial 
archaeological sites to shed light on this history; however, 
more recently, shipwrecks and other maritime sites have 
proven to be critical for a more nuanced understanding of 
trade relationships and commodity production in East and 
Southeast Asia and the Indian Ocean World (e.g., 
Descantes, et al. 2002; Dizon 2011; Flecker 2001; Krahl, 
et al. 2010; Li 2009; Manguin 1993, 2004; Miksic 2011; 
Miksic and Yap 1992). 
THE JAVA SEA SHIPWRECK 
In 1998, the Field Museum of Natural History in Chicago 
received a donation of more than 7,500 artifacts that had 
lain 27 meters below the water in the Java Sea for almost 
eight centuries. Now known as the Java Sea Shipwreck 
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Figure 1: Map of China showing the port of Quanzhou and the kiln sites of Dehua and Jingdezhen 
(JSW), this twelfth-thirteenth-century vessel was discov-
ered by fishermen in Indonesian waters between Sumatra 
and Java in the late 1980s (Flecker 2005-2006) (Figure 2). 
In 1996, Pacific Sea Resources, a U.S.-based salvage 
company, worked with Indonesian partners to systemati-
cally and legally recover the wreck. Half of the collected 
material was given to the Indonesian government; the 
other half was donated to The Field Museum. Some re-
search was undertaken soon after the site was excavated 
(Bronson 1997; Brown 1997b; Flecker 2003, 2005-2006; 
Mathers and Flecker 1997); more in-depth analysis began 
on the wreck material at the Museum in 2012. 
The ship, which was likely built in Indonesia, carried 
an international cargo, including more than 200 tons of 
iron and 30 tons of ceramics and may have been bound 
for central Java (Flecker 2005-2006; Mathers and Flecker 
1997). Most of the iron would have been in the form of 
trapezoidal ingots and was likely from China (Bronson 
1997), but there are also cauldrons, a small axe head, and 
scale weights and bars. The majority of ceramics are high-
fired pieces from China, discussed in more detail below. 
The collection also includes fine earthenware kendis 
thought to have been manufactured in Thailand and stor-
age vessels that would have been used to transport organic 
products, small pieces of pottery, and provisions for the 
crew (Flecker 2003, 2005-2006; Krahl 2010). 
Other items were found onboard in smaller quantities 
(Mathers and Flecker 1997). These include ivory, aro-
matic resin, several pieces of glass, and used sharpening 
stones and scale sets that were likely possessions of the 
crew and merchants. Tin ingots and portions of copper 
alloy trays and gongs (likely Chinese), conical and bar 
ingots of copper, as well as hook-shaped metal pieces also 
were found. More unique finds made of metal include a 
stooped, cross-legged figure that was a support for a small 
table or altar and a figure of a woman riding a mythical 
sea creature (Flecker 2005-2006; Miksic 1997). Two fini-
als also were recovered, similar to those found in Java that 
would have been mounted atop wooden staffs carried by 
mendicants (Singapore National Heritage Board and Na-
tional Museum (Singapore) 1995:142–143). 
Evidence of the mass production of ceramics abounds 
in China in the form of massive kiln complexes such as 
those found at Jingdezhen, Changsha, and Foshan (Ho 
1994b; Hughes-Stanton and Kerr 2000; Mino 1992; Mino 
and Wilson 1973; Phillips 1956; Scott 1993; Wood 2011; 
Ye 1994). Terrestrial archaeological sites throughout 
Southeast Asia bear witness to frequent trade with China 
and, in the Philippines, for instance, large quantities of 
Chinese trade ceramics, and later Vietnamese and Thai 
pottery, are the result of large-scale foreign trade (Fox and 
Legaspi 1977; Junker 1999; Nishimura 1992; 
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Figure 2: Location of the Java Sea Shipwreck 
Tenazas and Hutterer 1968; Wong 2010). Shipwrecks 
carrying cargos of mostly Chinese export ceramics—but 
some transporting items from Southeast Asia and else-
where to China—also indicate vigorous overseas trade 
(Diem 2004; Dupoizat 1995; Flecker 2001; Grave, et al. 
2005; Krahl, et al. 2010; Li 2009; Wade 2003). 
Most of the high-fired ceramics from the JSW have 
been identified as Song dynasty Chinese wares and in-
clude fine bowls, dishes, vases, bottles, boxes, and jars 
ranging from small covered boxes with light blue glaze to 
celadon bowls incised with floral motifs to graceful pitch-
ers with intricate black and white designs that were once 
covered with bright green glaze. While it is certain that 
the majority of these ceramics originated in China and it 
has been hypothesized at which kiln areas certain ware 
types were manufactured, provenance research based on 
style and form is complicated by the fact that certain ce-
ramic types were made at multiple production centers 
(Dupoizat 1995; Ho 1994b; Ye 1994). For example, it is 
suspected that finely made qingbai ceramics were made at 
the famous Jingdezhen kilns in Jiangxi province whereas 
other ceramics copying the qingbai style were made at 
Dehua or Anxi in Fujian province (Brown 1997a; 
Dupoizat 1995; Flecker 2003, 2005, 2005-2006; Guy 
1986; Hughes-Stanton and Kerr 2000). Geochemical 
analysis, then, can aid in the identification and confirma-
tion of the locales (or kiln complexes) where this diverse 
cargo was produced. 
LA-ICP-MS ANALYSIS OF HIGH-FIRED CERAMICS 
FROM THE JAVA SEA SHIPWRECK 
Compositional analysis is now frequently employed in 
archaeology to address questions of origin, production, 
and distribution, especially with regards to pottery, and 
can be used to identify ceramic pieces in the JSW collec-
tion that were made at the same production areas. In turn, 
this knowledge can be used to reconstruct the organiza-
tion of production and develop hypotheses regarding ex-
change networks in East and Southeast Asia during the 
early to mid-second millennium AD. These regional ex-
change networks, then, fed into larger transregional sys-
tems that spanned half the globe and included diverse 
political, economic, and social organizations. 
The analytical method used most frequently to exam-
ine the elemental composition of Chinese ceramics has 
been x-ray fluorescence (XRF) (e.g., Bao, et al. 2006; 
Leung and Luo 2000; Yap 1991; Yu and Miao 1996, 
1997, 1998; Zhang, et al. 2009; Zhu, et al. 2011). More 
recently, though, researchers (e.g., Oka, et al. 2009; Zhu, 
et al. 2012) have applied LA-ICP-MS to geochemical 
studies of Chinese ceramics with great success, and this is 
one of the best methods for determining the elemental 
makeup of ceramic materials. LA-ICP-MS is a semi-
nondestructive method that is capable of determining the 
concentrations of 50–60 elements, many of which are 
trace elements critical to distinguishing chemical groups 
represented in ceramic assemblages from China (Li, et al. 
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2005; Li, et al. 2003; Li, et al. 2006; Zhu, et al. 2010) and 
elsewhere. The detection limits of LA-ICP-MS also are 
excellent, reading elements present in the parts per million 
(Dussubieux, et al. 2007). Its rapid analytical time, low 
cost, high sample throughput, semi-nondestructive nature 
(marks left behind are barely visible to the naked eye), 
and the limited chance of contamination during prepara-
tion procedures (done in situ), makes LA-ICP-MS attrac-
tive to archaeologists and other researchers (Speakman, et 
al. 2007). Because it can target specific materials in the 
sample, such as glaze, slip, temper, or clay, through spot 
or line analysis, it is a good option for ceramic composi-
tional studies. 
Sample and Methods 
The current project, undertaken using LA-ICP-MS at the 
Elemental Analysis Facility (EAF) at The Field Museum, 
had two main goals: (1) to determine if ceramics of dif-
ferent styles in the JSW collection could be differentiated 
chemically and (2) whether or not more than one produc-
tion area was represented by JSW ceramics made in the 
qingbai tradition. The pastes, or bodies, of 58 samples 
were analyzed, while the glazes of 31 samples were tested 
(Table 1). The majority of these pieces were suspected to 
be authentic qingbai ceramics made at Jingdezhen in 
Jiangxi province (Figure 1); however, a number of pieces 
in the JSW collection, while resembling qingbai, were 
hypothesized to have been imitations of it based on visual 
assessment of glazes (clearer, glassier, and more evenly 
applied in qingbai pieces) and pastes (finer and purer 
white in color). The pastes of the qingbai and qingbai-
style ceramics are fine or fine-medium in texture and sug-
ary-white or cream. The glazes include translucent aqua, 
light blue-aqua, and milky blue (Figures 3 and 4). Several 
green-glazed bowls (Figure 5) also were sampled as well 
as Cizhou-style pieces (referred to as “painted ware”) 
(Figure 6). All of the green-glazed bowls sampled have 
incised and combed cloud designs. Their pastes range 
from lavender-gray to cream to white and their glazes 
from light olive green to pale gray-green to light blue. The 
pastes of the painted ware vessels are all fine textured but 
range in color from white to cream to gray. All of them 
have designs executed in underglaze black covered by a 
lead-based, bright green glaze, which is badly weathered 
in many cases. Appendix 1 provides basic descriptive 
information for each of the samples. 
Table 1: Frequencies of ceramic paste and glaze samples by 
style analyzed using LA-ICP-MS. 
 
Paste 
 
Glaze 
Ware Frequency %   Frequency % 
Qingbai 25 43% 
 
11 35% 
Qingbai-style 8 14% 
 
17 55% 
Green-glazed 12 21% 
 
3 10% 
Painted 13 22% 
 
0 0% 
      
Total 58 100%   31 100% 
      
 
 
Figure 3: Qingbai ewer from the Java Sea Shipwreck (Photo © 
The Field Museum, Catalog #350385) 
 
Figure 4: Qingbai-style covered box from the Java Sea Ship-
wreck (Photo © The Field Museum, Catalog #344284) 
The EAF houses an Analytik Jena quadrupole ICP-MS 
with a New Wave UP213 laser that uses a 213 nm wave-
length laser. The ablation chamber is six centimeters in 
diameter and five centimeters deep and can hold several 
small samples at once. Additional technical details can be 
found in Dussubieux, et al. (2007). The spectrometer was 
set to measure 58 elemental isotopes for each sample: 7Li, 
9Be, 11B, 23Na, 24Mg, 27Al, 29Si, 31P, 35Cl, 39K, 44Ca, 45Sc, 
49Ti, 51V, 53Cr, 55Mn, 57Fe, 59Co, 60Ni, 65Cu, 66Zn, 75As, 78Se, 
85Rb, 88Sr, 89Y, 90Zr, 93Nb, 98Mo, 107Ag, 111Cd, 115In, 118Sn, 
121Sb, 133Cs, 137Ba, 139La, 140Ce, 141Pr, 146Nd, 147Sm, 153Eu, 
157Gd, 159Tb, 163Dy, 165Ho, 166Er, 169Tm, 172Yb, 175Lu, 178Hf, 
181Ta, 182W, 197Au, 206, 207, 208Pb, 209Bi, 232Th, and 238U. The 
laser was set to operate at 70 percent energy (0.2 mJ) with 
a pulse frequency of 15 Hz. 
For the paste analysis, a total of 10 locations on each 
sample were chosen for a 100-μm spot ablation (with a 
brief pre-ablation to remove surface contamination). 
Standard reference materials (SRM) with known ranges of 
elemental concentrations—n610 (glass) and n679 (Brick 
Clay)—were run every five to 10 samples to correct for 
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instrument drift over time (Speakman, et al. 2007). Ohio 
Red Clay served as a measure of quality control. For the 
glaze analysis, procedures outlined in Oka, et al. (2009) 
were followed. Following a pre-ablation pass, a line 55 
μm wide by 500 μm long by five μm deep was used to 
ablate the material of interest (e.g., glaze). A total of four 
readings were taken for each sample and glass standards 
n612, n610, Corning B, and Corning D were used. (In 
cases where high lead content was suspected, as with the 
painted ware glazes, SRM Corning C was included as 
well.) After analysis, data was processed per EAF proto-
cols using Microsoft Excel. Statistical analysis was 
performed on the dataset using Microsoft Excel and 
GAUSS, an Aptech Systems, Inc. program with routines 
developed by Hector Neff and Michael Glascock at the 
University of Missouri Research Reactor Center (MURR). 
Figure 5: Green-glazed bowl from the Java Sea Shipwreck 
(Photo © The Field Museum, Catalog #349352) 
 
Figure 6: Painted (Cizhou-style) ewer from the Java Sea Ship-
wreck (Photo © The Field Museum, Catalog #350392) 
Results and Discussion of the Paste Analysis 
Of the original 58 elements measured by LA-ICP-MS, 45 
were retained for statistical analysis: Li, Be, B, Na, Mg, 
Al, Si, K, Sc, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Rb, Sr, Y, Zr, 
Nb, Sn, Sb, Cs, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, 
Ho, Er, Tm, Yb, Lu, Hf, Ta, Bi, Th, and U. Because of 
questionable readings on the rare earth elements for 
JSW164, this sample was removed from further analysis. 
This piece, from a painted ewer, was badly weathered, 
which may account for anomalous elemental concentra-
tions. All results were converted from parts-per-million to 
log base-10 values and were processed using well-
established statistical routines for ceramic compositional 
data (Baxter 2001; Dussubieux, et al. 2007; Eerkens, et al. 
2002; Glascock, et al. 2004; Kennett, et al. 2004; Neff 
1994; Niziolek 2013a, b). 
The first step in statistical analysis was to identify po-
tential outliers to the dataset. This was done by inspecting 
an elemental biplot of Si and Al and a dendrogram using 
hierarchical cluster analysis of logged elemental values 
and calculating Mahalanobis distance probabilities of 
group membership. JSW125 had a low probability of 
group membership (0.005) and was an outlier on the den-
drogram and biplot, so it was removed from subsequent 
statistical analysis. Compared to other samples, it has 
higher concentrations of Ca and Sr and lower concentra-
tions of Fe. Other samples removed based on low Ma-
halanobis distance probabilities (less than one percent) 
include JSW158, JSW160, JSW170, and JSW193 (see 
Table 2). JSW158 has higher concentrations of Mg; JSW 
160 has lower concentrations of Na and Ba; JSW170 has 
higher concentrations of Ti; and JSW193 has lower con-
centrations of Ba. The remaining samples all have Ma-
halanobis distance membership probabilities greater than 
one percent and form the core paste dataset. 
Next, principal components analysis (PCA) was per-
formed on the correlation matrix in order to compress the 
45 elemental variables into a more manageable number. 
Because many statistical procedures require a larger num-
ber of samples than variables, PCA enables this assump-
tion to be met while retaining a high expression of varia-
bility. The first five principal components (PCs) all have 
eigenvalues greater than one and account for almost 90 
percent of the elemental variance in the dataset. Ma-
halanobis distance probabilities were again calculated 
using the PC values and confirmed that none of the core 
group samples have a probability of less than one percent. 
After PCA, samples were split into four groups based 
on style: painted, green-glazed, qingbai-style, and qing-
bai. Mahalanobis distance probabilities using PCs 1–5 
were calculated for these four groups to see if any sample 
had a higher probability of being in a group other than its 
suspected style group. Hierarchical cluster analysis also 
was run on the PC values. Based on the results of these 
techniques and inspection of PC biplots, it was decided to 
combine the green-glazed and qingbai-style samples into 
one group. Table 3 shows that many of the samples in 
these two groups have relatively high probabilities of 
group membership in both groups based on Mahalanobis 
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distance calculations using the first four principal compo-
nents. Furthermore, in some instances, different forms and 
styles may have been manufactured at the same produc-
tion site (Qin Dashu, personal communication, October 
24, 2015). Additional calculations of Mahalanobis dis-
tance probabilities using the PC values of the different 
style groups suggested a number of samples should be 
removed (JSW121, JSW197, JSW134, and JSW122). 
After these samples were removed, no additional samples 
had Mahalanobis distance membership probabilities of 
less than one percent in their respective style groups (Ta-
ble 4). 
Table 2: Group membership probabilities of paste samples 
based on Mahalanobis distance calculations using logged 
elemental values of the 45 elements retained for statistical 
analysis. Samples that are in bold and italicized have a less 
than one percent probability of group membership. 
Sample ID % Probability 
 
Sample ID % Probability 
JSW121 5.708 
 
JSW170 0.459 
JSW122 1.516 
 
JSW171 20.301 
JSW123 37.507 
 
JSW173 27.660 
JSW124 8.065 
 
JSW174 65.254 
JSW125 0.003 
 
JSW188 31.356 
JSW126 86.826 
 
JSW189 47.996 
JSW127 24.426 
 
JSW190 82.849 
JSW129 87.804 
 
JSW191 91.390 
JSW131 7.684 
 
JSW192 99.943 
JSW133 89.216 
 
JSW193 0.731 
JSW134 1.143 
 
JSW194 91.800 
JSW135 29.177 
 
JSW195 59.974 
JSW136 37.783 
 
JSW196 85.939 
JSW137 66.127 
 
JSW197 12.451 
JSW138 2.499 
 
JSW198 99.031 
JSW139 32.546 
 
JSW199 35.241 
JSW151 36.278 
 
JSW200 79.491 
JSW152 51.728 
 
JSW201 4.834 
JSW153 93.199 
 
JSW202 3.549 
JSW154 41.121 
 
JSW203 89.969 
JSW156 42.472 
 
JSW204 99.855 
JSW157 68.157 
 
JSW205 13.722 
JSW158 0.128 
 
JSW206 4.663 
JSW159 91.514 
 
JSW207 17.108 
JSW160 0.004 
 
JSW208 98.193 
JSW161 59.807 
 
JSW900 10.704 
JSW163 38.245 
 
JSW902 96.310 
JSW165 57.144 
 
JSW901 98.660 
JSW168 95.524 
 
JSW904 98.788 
JSW169 63.774       
 
LA-ICP-MS analysis of the ceramic pastes indicates 
that there are at least three chemical groups, which corre-
spond closely with style (Figure 7). Table 5 lists the aver-
age elemental concentrations of the different chemical 
groups. Group 1 is made up of painted ware samples and 
can be split into two subgroups based on paste color and 
form [bowls with white paste (Figure 8) and ewers with 
gray paste (Figure 9)]. This group is characterized by 
higher concentrations of Ti, Mg, Sc, V, Cr, Ni, Cu, Zr, Sn, 
Hf, Ta, and Bi. Group 2 is comprised of green-glazed and 
qingbai-style pieces and has higher amounts of Y and Th 
and lower concentrations of Rb. Group 3 is significantly 
different chemically from Groups 2 and 3 and has higher 
concentrations of Ca, Na, Li, Be, B, Mn, Sb, Cs, and U 
and lower quantities of the rare earth elements. After the-
se main chemical groups were established, samples that 
had been taken out throughout the analysis were repro-
jected back into these main groups. Only JSW158 could 
be convincingly reassigned (to Group 1, painted ware). 
The other samples all had very low probabilities of be-
longing to the established compositional groups. The rea-
sons for this are uncertain since these samples do not ap-
pear to be different in terms of style or paste appearance. 
Table 3: Group membership probabilities of green-glazed 
and qingbai-style paste samples based on Mahalanobis dis-
tance calculations using the first four principal components 
values. 
 
Ware Type 
Sample ID Painted 
Green-
glazed 
Qingbai-
style Qingbai 
Green-glazed group 
 JSW135 0.050 1.801 20.946 0.000 
JSW154 0.002 10.327 55.457 0.000 
JSW196 0.010 96.942 93.973 0.000 
JSW198 0.005 88.104 55.398 0.000 
JSW199 0.034 82.774 90.986 0.000 
JSW200 0.050 43.817 74.332 0.000 
JSW202 0.003 4.299 73.406 0.000 
JSW203 0.004 92.016 88.029 0.000 
JSW204 0.006 91.772 94.756 0.000 
JSW205 0.006 10.889 77.099 0.000 
JSW206 0.059 46.555 64.507 0.000 
JSW208 0.071 62.826 86.690 0.000 
     Qingbai-style group 
 JSW122 1.954 0.000 59.416 0.000 
JSW123 0.016 70.155 94.146 0.000 
JSW124 0.063 2.550 26.875 0.000 
JSW134 1.465 0.000 56.854 0.000 
JSW188 0.011 81.234 28.851 0.000 
JSW207 0.005 59.403 56.656 0.000 
 
Based on the elemental concentrations of some of the 
major, minor, and trace elements it is possible to offer 
some preliminary production area assignments for some 
of the chemical groups. In 2000, Leung and Luo pub-
lished a paper in which they present criteria that are help-
ful for distinguishing not only production regions (i.e., 
northern China vs. southern China) but also different kiln 
sites in the south. Specifically, they compare porcelain 
samples from Hebei in the north to samples from Jingde-
zhen (Jiangxi province) and Dehua (Fujian province) in 
the south (Figure 1), the two main kiln areas known to 
have produced ceramics in the qingbai tradition. Kilns in 
both of these areas produced ceramics that are visually 
similar to those found in the JSW cargo and, because data 
is available for them, provide a good starting point for 
comparisons—although it must be acknowledged that this 
comparison is limited in scope, larger scale and more in-
depth analysis is planned for the future. Pieces made at 
Jingdezhen or Dehua have Zr/Rb ratios less than 1.29 
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while those from Hebei have Zr/Rb ratios higher than 
1.29. For the JSW samples used in this project, almost all 
of the samples have Zr/Rb ratios significantly less than 
1.29, with the exception of some of the samples from 
Subgroup 1B (JSW129, JSW169, JSW174, JSW901, and 
JSW904) (Table 6). Another criterion Leung and Luo 
(2000) look at is the value of 0.79(Rb/Y + Zr/Y). If this 
value is greater six, Jingdezhen may be the production 
site; if it is less than six, then Dehua might be the source. 
(Yap, et al. 1987 also identify Rb, Zr, and Y among some 
of the main elements important for discerning ceramic 
production sites in China.) Based on this criterion, the 
JSW samples in Group 2 appear to have been made at 
Dehua whereas those in Group 3 and Subgroup 1A were 
possibly made at the famous kilns of Jingdezhen (Table 
6). 
Table 4: Mahalanobis distance probabilities of group membership for the three main paste groups based on style 
Sample 
Group 1 
(1A & 1B) Group 2 Group 3 Best Group 
JSW129 45.65 0.00 0.00 Painted ware (Group 1) 
JSW159 68.12 0.00 0.00 Painted ware (Group 1) 
JSW165 11.32 0.00 0.00 Painted ware (Group 1) 
JSW169 50.92 0.00 0.00 Painted ware (Group 1) 
JSW171 29.48 0.00 0.00 Painted ware (Group 1) 
JSW173 23.17 0.00 0.00 Painted ware (Group 1) 
JSW174 40.92 0.01 0.00 Painted ware (Group 1) 
JSW901 95.40 0.00 0.00 Painted ware (Group 1) 
JSW904 84.64 0.00 0.00 Painted ware (Group 1) 
JSW123 0.01 70.25 0.00 Green-glazed/Qingbai-style (Group 2) 
JSW154 0.00 20.56 0.00 Green-glazed/Qingbai-style (Group 2) 
JSW188 0.01 50.22 0.00 Green-glazed/Qingbai-style (Group 2) 
JSW196 0.01 86.78 0.00 Green-glazed/Qingbai-style (Group 2) 
JSW198 0.01 48.07 0.00 Green-glazed/Qingbai-style (Group 2) 
JSW199 0.01 92.41 0.00 Green-glazed/Qingbai-style (Group 2) 
JSW200 0.01 27.21 0.00 Green-glazed/Qingbai-style (Group 2) 
JSW202 0.00 4.14 0.00 Green-glazed/Qingbai-style (Group 2) 
JSW203 0.01 79.22 0.00 Green-glazed/Qingbai-style (Group 2) 
JSW204 0.01 97.07 0.00 Green-glazed/Qingbai-style (Group 2) 
JSW205 0.00 3.11 0.00 Green-glazed/Qingbai-style (Group 2) 
JSW206 0.02 52.32 0.00 Green-glazed/Qingbai-style (Group 2) 
JSW207 0.01 11.44 0.00 Green-glazed/Qingbai-style (Group 2) 
JSW208 0.02 71.48 0.00 Green-glazed/Qingbai-style (Group 2) 
JSW126 0.00 0.00 82.05 Qingbai (Group 3) 
JSW127 0.00 0.00 8.04 Qingbai (Group 3) 
JSW131 0.01 0.00 63.90 Qingbai (Group 3) 
JSW133 0.01 0.00 44.30 Qingbai (Group 3) 
JSW136 0.01 0.00 77.94 Qingbai (Group 3) 
JSW137 0.01 0.00 45.77 Qingbai (Group 3) 
JSW138 0.01 0.00 26.24 Qingbai (Group 3) 
JSW139 0.01 0.00 22.90 Qingbai (Group 3) 
JSW151 0.00 0.00 53.34 Qingbai (Group 3) 
JSW152 0.00 0.00 42.27 Qingbai (Group 3) 
JSW153 0.00 0.00 68.59 Qingbai (Group 3) 
JSW156 0.00 0.00 42.85 Qingbai (Group 3) 
JSW157 0.00 0.00 71.71 Qingbai (Group 3) 
JSW161 0.00 0.00 95.63 Qingbai (Group 3) 
JSW163 0.00 0.00 16.16 Qingbai (Group 3) 
JSW168 0.00 0.00 7.25 Qingbai (Group 3) 
JSW189 0.00 0.00 90.69 Qingbai (Group 3) 
JSW190 0.00 0.00 26.79 Qingbai (Group 3) 
JSW191 0.00 0.00 83.97 Qingbai (Group 3) 
JSW192 0.00 0.00 39.91 Qingbai (Group 3) 
JSW194 0.00 0.00 74.09 Qingbai (Group 3) 
JSW195 0.00 0.00 45.84 Qingbai (Group 3) 
JSW201 0.01 0.00 20.32 Qingbai (Group 3) 
JSW900 0.00 0.00 8.37 Qingbai (Group 3) 
JSW902 0.01 0.00 57.21 Qingbai (Group 3) 
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Figure 7: R-Q mode biplot of principal components 1 and 2 
based on paste compositions. Ellipses represent 90 percent con-
fidence intervals. Circles represent painted samples (Group 1), 
squares qingbai-style and green-glazed samples (Group 2), and 
triangles qingbai samples (Group 3). 
 
Figure 8: Painted ware bowl from the Java Sea Shipwreck (Pho-
to © The Field Museum, Catalog #350229) 
 
Figure 9: Painted ware ewer from the Java Sea Shipwreck (Pho 
to © The Field Museum, Catalog #350418) 
Although it is tempting to hypothesize that the Subgroup 
1B samples came from the north because of their similari-
ty to pieces produced at Cizhou kilns, recent kiln excava-
tions at Wuyishan in Fujian have yielded ceramics that are 
very similar visually to the painted wares from the JSW 
(Underwater Research Center of the National Museum of 
China, et al. 2015). Amounts of Al2O3 and K2O measured 
in the shipwreck pieces can be used to support a southern 
origin since another major determining factor of produc-
tion region is the amount of Al2O3 and K2O (Pollard and 
Hatcher 1994). Pieces from the north are higher in Al2O3 
(greater than 25 percent) and lower amounts of K2O (less 
than 2.5 percent). Southern ceramics have Al2O3 ranging 
from 10.3–24.5 percent and K2O close to 2.0–6.6 percent. 
This pattern also is observed by Wood (2011:28) and the 
JSW ceramics fit the southern profile. 
Findings presented by Zhu, et al. (2012) partially sup-
port these kiln assignments. They report that qingbai ce-
ramics from Fujian province have amounts of Al2O3 and 
Fe2O3 ranging from 16.2–21.4 percent and 0.83–1.44 per-
cent, respectively. The JSW samples in Group 2 assigned 
to Dehua (in Fujian) have concentrations within these 
ranges. The average Al2O3 concentration for Group 2 is 
17.30 percent and Fe2O3 is 0.99 percent. Zhu et al.’s work 
also may provide a clue as to from where the pieces in 
Subgroup 1B are—Fujian, since the average Al2O3 con-
centration for this group is 19.92 percent and the average 
Fe2O3 concentration is 0.91 percent. 
Results and Discussion of the Glaze Analysis 
The materials used to make the bodies of the ceramics 
from the period and regions under discussion served as 
the main ingredients for the glazes (Pierson, et al. 2002; 
Wood 2011:29). Although there is mention in historical 
documents of a division of labor in ceramic production 
(So 1994:12), this has not yet been supported by archaeo-
logical evidence. Pieces appear to have been produced at 
multiple household workshops that engaged in all steps of 
the preparing, forming, and finishing process and then fed 
into a single kiln that accommodated the wares from mul-
tiple production units (So 1994:12). Most producers at the 
time tended to use local materials in manufacturing their 
goods (Zhu 2010:482), and both pastes and glazes have 
been used in sourcing studies (e.g., Leung, et al. 2000).  
The geochemical data from LA-ICP-MS analysis of 
the glazes underwent similar statistical analysis, however, 
it was decided to keep the one painted ware sample out 
since it was clearly very different visually (bright green to 
oily black) and chemically (extremely high in Pb) from 
the other glazes sampled. Because there were many fewer 
glaze samples than elements, the number of variables (el-
ements) had to be reduced to facilitate statistical analysis. 
Biplots of the logged elemental values were examined to 
identify elements that would be potentially helpful for 
differentiating chemical groups. These include 19 ele-
ments: Li, U, Bi, Th, Ta, Yb, Gd, Na, La, Sb, Cs, Zr, Y, 
Rb, Sc, K, Ca, B, and Be. PCA was performed on the 
logged dataset. 
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Table 5: Average elemental concentrations of chemical groups based on paste composition 
 
Paste Group 1A 
(n = 4) 
 
Paste Group 1B 
(n = 5) 
 
Paste Group 2 
(n = 16) 
 
Paste Group 3 
(n = 25) 
Oxide % AVG SD  AVG SD  AVG SD  AVG SD 
SiO2 73.86 1.50 
 
74.28 0.36 
 
77.12 2.16 
 
79.13 1.24 
Al2O3 20.61 0.95 
 
19.92 0.28 
 
17.17 1.92 
 
14.94 1.01 
TiO2 0.03 0.02 
 
0.74 0.06 
 
0.09 0.04 
 
0.03 0.01 
Fe2O3 0.70 0.11 
 
0.91 0.17 
 
0.99 0.42 
 
0.68 0.20 
CaO 0.03 0.01 
 
0.02 0.02 
 
0.03 0.03 
 
0.56 0.28 
MgO 0.53 0.06 
 
0.55 0.11 
 
0.14 0.10 
 
0.28 0.16 
K2O 3.78 0.37 
 
3.14 0.33 
 
4.10 0.36 
 
2.88 0.17 
Na2O 0.10 0.02 
 
0.11 0.04 
 
0.13 0.07 
 
0.95 0.26 
MnO 0.05 0.03 
 
0.01 0.01 
 
0.04 0.02 
 
0.06 0.03 
P2O5 0.00 0.00 
 
0.01 0.02 
 
0.03 0.06 
 
0.02 0.02 
            Ppm 
           Li 39.94 5.20 
 
15.68 1.43 
 
9.03 2.21 
 
373.85 78.16 
Be 8.61 2.15 
 
2.92 0.20 
 
1.92 0.59 
 
10.71 1.56 
B 11.32 3.32 
 
43.32 15.11 
 
10.29 2.82 
 
463.51 118.25 
Na 769.40 155.15 
 
823.30 268.63 
 
983.23 496.96 
 
7026.28 1916.38 
Mg 3219.86 356.95 
 
3341.87 682.27 
 
820.42 589.24 
 
1687.73 943.38 
Al 109099.49 5020.42 
 
105428.21 1486.30 
 
90864.52 10168.27 
 
79089.02 5319.73 
Si 345247.94 7009.38 
 
347224.81 1686.32 
 
360467.56 10113.51 
 
369900.87 5779.12 
K 31369.00 3034.25 
 
26088.39 2746.74 
 
34052.62 3028.99 
 
23915.18 1430.72 
Sc 11.90 1.18 
 
15.26 0.59 
 
5.57 1.50 
 
2.37 0.96 
Ti 173.99 97.47 
 
4454.93 357.72 
 
537.81 211.59 
 
187.45 32.59 
V 12.26 4.88 
 
101.82 7.76 
 
8.83 5.63 
 
3.92 1.84 
Cr 14.54 5.13 
 
88.39 6.34 
 
5.72 3.49 
 
6.79 4.91 
Mn 447.57 36.68 
 
43.58 3.34 
 
231.51 99.39 
 
564.72 189.82 
Fe 4914.37 737.65 
 
6357.15 1219.14 
 
6912.07 2912.95 
 
4754.85 1395.46 
Ni 29.69 3.82 
 
18.22 6.78 
 
3.16 1.54 
 
4.86 2.60 
Cu 41.81 19.82 
 
19.80 17.62 
 
6.47 3.06 
 
13.01 19.99 
Zn 45.53 7.47 
 
23.33 2.35 
 
54.09 26.27 
 
71.16 35.92 
Rb 624.16 143.66 
 
152.68 22.60 
 
231.61 27.13 
 
397.63 48.43 
Sr 11.25 2.60 
 
44.60 16.27 
 
35.27 9.39 
 
52.58 11.45 
Y 23.53 9.32 
 
31.54 3.80 
 
46.96 19.68 
 
16.25 4.46 
Zr 39.72 5.18 
 
200.77 41.14 
 
62.42 12.40 
 
28.94 5.19 
Nb 39.32 9.67 
 
19.12 2.14 
 
19.93 2.69 
 
22.84 4.76 
Sn 86.46 15.73 
 
3.62 0.88 
 
3.22 1.45 
 
6.12 1.56 
Sb 0.47 0.37 
 
0.88 0.34 
 
0.33 0.18 
 
18.16 12.68 
Cs 8.24 1.40 
 
19.12 3.42 
 
5.54 1.28 
 
100.20 35.28 
Ba 174.41 43.73 
 
559.90 107.67 
 
295.50 69.96 
 
125.97 27.76 
La 32.40 7.32 
 
49.66 9.80 
 
52.91 20.78 
 
5.57 1.53 
Ce 36.55 5.38 
 
107.45 13.75 
 
62.79 10.49 
 
12.16 3.43 
Pr 9.21 1.48 
 
11.62 1.68 
 
11.80 5.02 
 
1.58 0.43 
Nd 33.66 5.88 
 
44.27 5.87 
 
39.22 16.85 
 
5.83 1.73 
Sm 8.23 1.51 
 
8.30 1.05 
 
8.72 3.99 
 
2.33 0.68 
Eu 1.25 0.31 
 
1.73 0.22 
 
1.44 0.71 
 
0.28 0.07 
Gd 6.40 1.91 
 
6.67 1.19 
 
7.40 3.22 
 
2.50 0.70 
Tb 1.25 0.50 
 
1.05 0.17 
 
1.34 0.58 
 
0.56 0.16 
Dy 7.32 3.43 
 
6.14 1.12 
 
7.90 3.27 
 
3.18 0.88 
Ho 1.43 0.72 
 
1.27 0.24 
 
1.67 0.68 
 
0.60 0.17 
Er 4.02 1.97 
 
3.45 0.71 
 
4.58 1.89 
 
1.45 0.37 
Tm 0.91 0.48 
 
0.51 0.02 
 
0.72 0.32 
 
0.21 0.06 
Yb 7.96 3.90 
 
3.99 0.65 
 
5.16 2.14 
 
1.53 0.36 
Lu 1.20 0.63 
 
0.59 0.11 
 
0.75 0.33 
 
0.23 0.06 
Hf 12.04 3.33 
 
6.32 1.54 
 
3.02 0.65 
 
2.54 0.49 
Ta 25.21 11.27 
 
1.47 0.25 
 
1.55 0.42 
 
5.48 1.61 
Bi 4.64 3.54 
 
1.04 1.31 
 
0.31 0.42 
 
0.73 0.99 
Th 21.37 5.93 
 
18.29 3.77 
 
33.47 9.64 
 
6.59 1.56 
U 6.10 1.99  5.65 1.30  5.47 1.88  15.51 4.76 
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Table 6: Possible kiln assignments of Java Sea Shipwreck ceramics (pastes) analyzed using LA-ICP-MS based on Leung and 
Luo’s (2000) classification 
  
Parts-per-million 
     
Sample 
Chem. 
Grp. Rb Y Zr Zr/Rb <1.29? 
0.79(Rb/Y + 
Zr/Y) >6? 
Jingdezhen or 
Dehua? 
JSW159 1A 814.98 21.73 40.21 0.05 Y 31.09 Y Jingdezhen 
JSW165 1A 608.55 36.46 39.86 0.07 Y 14.05 Y Jingdezhen 
JSW171 1A 606.94 14.21 45.73 0.08 Y 36.28 Y Jingdezhen 
JSW173 1A 466.16 21.72 33.08 0.07 Y 18.16 Y Jingdezhen 
 
AVG 624.16 23.53 39.72 0.06 Y 22.29 Y Jingdezhen 
          JSW129 1B 183.53 37.67 264.18 1.44 N 9.39 Y 
 JSW169 1B 147.19 30.97 191.38 1.30 N 8.64 Y 
 JSW174 1B 155.23 28.68 163.25 1.05 Y 8.77 Y Jingdezhen 
JSW901 1B 156.96 32.18 216.16 1.38 N 9.16 Y 
 JSW904 1B 120.49 28.20 168.87 1.40 N 8.11 Y 
 
 
AVG 152.68 31.54 200.77 1.31 N 8.85 Y ? 
          JSW123 2 193.78 32.82 48.49 0.25 Y 5.83 N Dehua 
JSW154 2 252.21 70.54 49.65 0.20 Y 3.38 N Dehua 
JSW188 2 245.35 42.60 76.42 0.31 Y 5.97 N Dehua 
JSW196 2 251.25 42.17 67.12 0.27 Y 5.96 N Dehua 
JSW198 2 209.31 72.93 59.15 0.28 Y 2.91 N Dehua 
JSW199 2 271.77 23.07 69.81 0.26 Y 11.70 Y Jingdezhen 
JSW200 2 234.93 62.97 77.73 0.33 Y 3.92 N Dehua 
JSW202 2 250.78 80.64 55.26 0.22 Y 3.00 N Dehua 
JSW203 2 192.70 52.04 43.42 0.23 Y 3.58 N Dehua 
JSW204 2 189.20 57.81 47.51 0.25 Y 3.23 N Dehua 
JSW205 2 237.35 31.08 74.59 0.31 Y 7.93 Y Jingdezhen 
JSW206 2 262.74 15.45 79.16 0.30 Y 17.48 Y Jingdezhen 
JSW207 2 214.06 35.49 57.27 0.27 Y 6.04 Y Dehua 
JSW208 2 237.18 37.89 68.25 0.29 Y 6.37 Y Dehua 
 
AVG 231.61 46.96 62.42 0.27 Y 4.95 N Dehua 
          JSW126 3 434.60 20.14 34.72 0.08 Y 18.41 Y Jingdezhen 
JSW127 3 525.66 28.76 41.26 0.08 Y 15.57 Y Jingdezhen 
JSW131 3 376.81 19.98 27.41 0.07 Y 15.98 Y Jingdezhen 
JSW133 3 363.07 11.63 22.90 0.06 Y 26.23 Y Jingdezhen 
JSW136 3 383.14 21.12 39.83 0.10 Y 15.82 Y Jingdezhen 
JSW137 3 371.83 19.88 32.42 0.09 Y 16.06 Y Jingdezhen 
JSW138 3 334.95 12.53 24.93 0.07 Y 22.69 Y Jingdezhen 
JSW139 3 336.42 12.30 29.39 0.09 Y 23.49 Y Jingdezhen 
JSW151 3 394.48 18.99 26.57 0.07 Y 17.52 Y Jingdezhen 
JSW152 3 513.08 15.60 30.59 0.06 Y 27.54 Y Jingdezhen 
JSW153 3 410.22 11.58 28.51 0.07 Y 29.93 Y Jingdezhen 
JSW156 3 381.51 16.52 28.20 0.07 Y 19.60 Y Jingdezhen 
JSW157 3 425.35 11.19 25.38 0.06 Y 31.83 Y Jingdezhen 
JSW161 3 378.88 14.28 35.43 0.09 Y 22.91 Y Jingdezhen 
JSW163 3 431.25 11.72 22.90 0.05 Y 30.60 Y Jingdezhen 
JSW168 3 332.69 8.15 18.74 0.06 Y 34.08 Y Jingdezhen 
JSW189 3 358.62 16.88 29.96 0.08 Y 18.19 Y Jingdezhen 
JSW190 3 436.17 18.03 31.51 0.07 Y 20.49 Y Jingdezhen 
JSW191 3 358.88 18.03 25.93 0.07 Y 16.86 Y Jingdezhen 
JSW192 3 394.16 11.49 26.63 0.07 Y 28.92 Y Jingdezhen 
JSW194 3 435.50 18.37 23.23 0.05 Y 19.73 Y Jingdezhen 
JSW195 3 419.83 18.89 26.91 0.06 Y 18.68 Y Jingdezhen 
JSW201 3 382.24 17.54 29.34 0.08 Y 18.54 Y Jingdezhen 
JSW900 3 401.57 19.23 32.25 0.08 Y 17.82 Y Jingdezhen 
JSW902 3 359.92 13.44 28.66 0.08 Y 22.85 Y Jingdezhen 
  AVG 397.63 16.25 28.94 0.07 Y 20.74 Y Jingdezhen 
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The first four PCs have eigenvalues greater than one, ac-
counting for more than 89 percent of the elemental vari-
ance in the dataset. Over the course of the statistical anal-
ysis, it became apparent that JSW186 (qingbai) along 
with JSW212 and JSW209 (qingbai-style) were outliers 
to their respective style groups. Because each of these 
samples has a group membership probability based on 
Mahalanobis distance calculations of less than one percent 
in the group containing samples of similar style, they 
were removed from further analysis. Through the analy-
sis, it also became clear that the qingbai-style glazes fell 
into two chemical subgroups. 
Overall, the glaze chemical groups correspond very 
well with ceramic style (qingbai, qingbai-style, and 
green-glazed). Table 7 provides the average elemental 
concentrations for the different glaze groups. Whereas it 
is difficult to distinguish between green-glazed and qing-
bai-style pieces using paste composition, these two styles 
clearly separate based on their glaze compositions (Figure 
10). Group 1, comprised of qingbai pieces, is distin-
guished by higher concentrations of Li, Be, B, Sb, and Cs 
and lower concentrations of Sc, Y, Zr, and the rare earth 
elements. The members of this group match those in paste 
Group 3, hypothesized to have come from Jingdezhen. 
The major element concentrations of this group corre-
spond with those reported by Wood (2011) for Jingdezhen 
qingbai glazes (and pastes). Glaze Group 3, predominant-
ly green-glazed ware, is a small group with higher 
amounts of Mg, Mn, P, Ti, V, Mn, Ba, and Pb and is low-
er in Ca and Ni. The majority of members of this group 
are from samples assigned to Dehua based on paste com-
position. Glaze Group 2 is higher in Al, Nb, and Sn and 
lower in Sb. It can be divided into two subgroups of qing-
bai-style pieces. Subgroup 2A has higher amounts of Ni, 
Cu, Rb, Nb, Sn, Yb, Lu, Hf, and Ta and lower amounts of 
Ti. Two samples in this group of four are covered boxes 
that are slightly different than other boxes in terms of 
style—instead of having ribbing or being octagonal in 
shape with decorated lids, these pieces are smooth, round, 
and undecorated (Figure 11). Subgroup 2B has higher 
concentrations of La, Nd, Sm, Eu, and Gd and lower con-
centrations of Zn and Rb. Because there is not a lot of 
overlap between the glaze Group 2 samples and paste 
samples that were run, it is difficult to make a production 
assignment at this time; however, Wood (2011) notes that 
some Dehua qingbai-type ceramics had CaO content 
ranging from 10–12.5 percent. Both glaze Subgroups 2A 
and 2B have CaO concentrations closest to this range. At 
the same time, some Dehua glazes, including pale green 
ones like those found on the JSW’s green-glazed bowls, 
could have very low CaO amounts (only about 5–7 per-
cent) (Wood 2011). The samples in glaze Group 3 have 
very low CaO concentrations (averaging 3.66 percent) 
and, based on their paste composition, are possibly from 
Dehua. 
 
Figure 10: R-Q mode biplot of principal components 1 and 2 
based on glaze compositions. Ellipses represent 90 percent con-
fidence intervals. Diamonds represent qingbai samples (Group 
1), squares (Group 2A) and circles (Group 2B) are qingbai-style 
pieces, and triangles are green-glazed samples (Group 3). 
 
Figure 11: Qingbai-style undecorated covered box from the 
Java Sea Shipwreck (Photo © The Field Museum, Catalog 
#344282) 
CONCLUSION 
This paper has examined the results of LA-ICP-MS anal-
ysis of a sample of high-fired ceramics from the twelfth-
thirteenth-century Java Sea Shipwreck. Using major, mi-
nor, and trace elemental concentrations, three (possibly 
four) groups were identified using the paste data and four 
groups emerged using the glaze data. Through the analy-
sis, ceramic group memberships based on visual assess-
ments of style were able to be tested and refined. For ex-
ample, one vase neck or rim (JSW214) which was origi-
nally thought to be qingbai is more compositionally simi-
lar to the qingbai-style pieces. In addition, painted wares 
that initially appear to be from the same production area 
are more likely from two, based on the chemical composi-
tions of their pastes. Furthermore, the possibility of one of 
these subgroups being from the north cannot be entirely 
ruled out and presents an intriguing idea requiring addi-
tional research. 
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Table 7: Average elemental concentrations of chemical groups based on glaze composition 
 
Glaze Group 1 
(n = 10) 
 
Glaze Group 2A 
(n = 4) 
 
Glaze Group 2B 
(n = 11) 
 
Glaze Group 3 
(n = 3) 
Oxide % AVG SD   AVG SD   AVG SD   AVG SD 
SiO2 66.85 1.91 
 
66.54 2.34 
 
67.78 1.94 
 
73.47 2.68 
Al2O3 14.18 0.80 
 
15.55 1.26 
 
15.55 1.82 
 
14.22 2.88 
TiO2 0.03 0.01 
 
0.01 0.01 
 
0.04 0.02 
 
0.09 0.02 
Fe2O3 0.89 0.15 
 
0.44 0.15 
 
0.42 0.20 
 
0.69 0.21 
CaO 13.62 2.09 
 
12.69 1.71 
 
12.12 1.89 
 
3.66 0.48 
MgO 0.31 0.11 
 
0.36 0.17 
 
0.33 0.20 
 
0.61 0.04 
K2O 2.19 0.27 
 
3.77 0.21 
 
3.32 0.48 
 
5.79 0.09 
Na2O 1.18 0.35 
 
0.10 0.03 
 
0.08 0.02 
 
0.42 0.11 
MnO 0.11 0.03 
 
0.10 0.03 
 
0.12 0.07 
 
0.23 0.02 
P2O5 0.10 0.05 
 
0.14 0.08 
 
0.11 0.14 
 
0.35 0.11 
            Ppm 
           Li 953.34 309.26 
 
87.20 10.69 
 
31.52 10.80 
 
32.94 25.61 
Be 19.14 6.17 
 
3.49 0.43 
 
1.89 0.80 
 
3.55 0.87 
B 271.72 53.70 
 
22.60 10.14 
 
18.61 7.32 
 
22.78 10.78 
Na 8733.07 2574.77 
 
734.82 214.87 
 
613.04 121.70 
 
3148.16 805.78 
Mg 1877.60 674.50 
 
2165.18 997.47 
 
1981.45 1176.14 
 
3672.19 228.10 
Al 75025.71 4210.86 
 
82315.72 6665.98 
 
82311.37 9619.43 
 
75235.55 15218.33 
Si 312468.35 8942.62 
 
311029.82 10951.46 
 
316852.43 9086.46 
 
343441.85 12514.02 
P 427.71 239.31 
 
626.49 365.61 
 
459.85 600.71 
 
1547.90 495.37 
K 18181.64 2236.78 
 
31333.42 1730.14 
 
27573.86 3949.09 
 
48092.03 752.84 
Ca 97318.51 14907.12 
 
90656.80 12196.61 
 
86571.74 13472.48 
 
26127.84 3422.85 
Sc 1.44 0.52 
 
6.92 0.48 
 
5.69 0.55 
 
4.46 0.63 
Ti 156.76 66.38 
 
41.41 36.04 
 
239.45 99.25 
 
543.23 113.86 
V 11.47 3.96 
 
9.27 2.22 
 
9.02 2.94 
 
22.65 18.67 
Cr 11.84 7.94 
 
8.93 0.78 
 
7.87 3.48 
 
4.33 4.31 
Mn 826.06 230.50 
 
789.64 240.08 
 
957.78 534.18 
 
1802.07 148.71 
Fe 6245.70 1070.23 
 
3093.37 1041.15 
 
2971.77 1396.89 
 
4840.21 1471.31 
Ni 18.24 9.75 
 
42.89 20.73 
 
12.97 5.15 
 
6.80 2.11 
Cu 33.75 13.92 
 
85.98 33.36 
 
18.60 8.17 
 
21.18 6.56 
Zn 98.61 35.77 
 
112.66 119.66 
 
43.08 30.03 
 
91.42 14.23 
Rb 225.74 28.61 
 
409.30 71.57 
 
177.11 33.23 
 
297.09 106.74 
Sr 179.57 46.13 
 
317.27 135.07 
 
260.78 55.40 
 
311.06 174.12 
Y 17.92 4.97 
 
16.73 2.83 
 
50.61 18.78 
 
40.92 11.18 
Zr 28.06 6.42 
 
26.57 4.50 
 
75.57 12.25 
 
85.00 66.21 
Nb 23.93 5.44 
 
89.60 10.72 
 
43.07 19.98 
 
23.98 7.89 
Sn 5.30 1.96 
 
19.66 12.07 
 
2.26 1.50 
 
6.17 2.64 
Sb 9.69 3.82 
 
0.16 0.14 
 
0.21 0.17 
 
2.55 2.82 
Cs 31.85 10.83 
 
2.90 0.60 
 
3.14 0.97 
 
5.06 2.22 
Ba 133.33 40.82 
 
294.98 189.19 
 
384.86 152.34 
 
1266.31 889.60 
La 11.23 8.54 
 
12.98 8.17 
 
82.91 54.29 
 
59.09 10.77 
Ce 23.72 21.58 
 
18.73 5.05 
 
60.29 19.14 
 
59.36 14.50 
Pr 2.68 1.77 
 
3.54 2.33 
 
16.27 9.31 
 
10.82 1.70 
Nd 10.13 7.06 
 
12.22 7.66 
 
57.74 32.70 
 
37.07 5.30 
Sm 2.95 1.38 
 
4.06 1.85 
 
11.95 6.46 
 
6.75 1.45 
Eu 0.34 0.26 
 
0.29 0.21 
 
2.35 1.55 
 
1.42 0.34 
Gd 2.84 1.26 
 
2.96 0.85 
 
9.22 4.81 
 
4.97 2.22 
Tb 0.67 0.24 
 
0.83 0.19 
 
1.51 0.69 
 
1.79 1.29 
Dy 3.56 1.21 
 
5.84 1.33 
 
8.60 3.50 
 
6.43 1.97 
Ho 0.56 0.21 
 
1.16 0.24 
 
1.74 0.63 
 
1.24 0.29 
Er 1.50 0.50 
 
3.79 0.91 
 
4.49 1.55 
 
3.67 1.04 
Tm 0.21 0.09 
 
0.79 0.13 
 
0.66 0.19 
 
0.46 0.19 
Yb 1.56 0.59 
 
8.37 1.85 
 
4.74 1.24 
 
4.97 1.68 
Lu 0.16 0.10 
 
1.10 0.28 
 
0.63 0.16 
 
0.52 0.10 
Hf 2.03 0.84 
 
5.08 1.43 
 
3.44 0.49 
 
2.91 1.74 
Ta 4.08 1.24 
 
20.79 3.82 
 
1.50 0.40 
 
0.97 0.37 
Pb 63.12 54.89 
 
39.75 36.91 
 
50.27 45.41 
 
266.04 208.67 
Bi 2.60 4.89 
 
1.58 2.58 
 
0.23 0.49 
 
3.40 3.65 
Th 6.09 3.18 
 
8.75 0.91 
 
23.91 6.54 
 
29.96 15.50 
U 16.50 6.93  7.13 0.72  4.11 0.89  10.12 9.43 
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Comparing the data generated by this project to data 
from other compositional studies on Chinese ceramics, 
two southern production areas for the JSW high-fired ce-
ramics made in the qingbai tradition were able to be pre-
liminarily identified: Jingdezhen in Jiangxi province and 
Dehua in Fujian province. Ho (1994a:xi) suggests that by 
looking at smaller kiln sites—as well as larger ones—we 
can investigate their role in the export market, competi-
tion, distribution patterns and mechanisms, and the organ-
ization of the Chinese economy at the time. Information 
such as that generated by this project will be useful not 
only for learning more about the products of each of these 
areas but also for reconstructing distribution networks in 
China and investigating how these were linked to larger 
interregional trade systems using comparative archaeolog-
ical data terrestrial and other maritime sites. 
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APPENDIX 1: Ceramic Sample Information 
LA-ICP-MS 
Sample ID 
Material 
Analyzed Glaze Color Paste Texture Paste Color Object Description Form 
JSW106 Glaze Bluish-white Fine Sugary white Qingbai-style box Box lid 
JSW107 Glaze Bluish-white Fine Sugary white Qingbai-style box Box lid 
JSW108 Glaze Bluish-white Fine Sugary white Qingbai-style box Box base 
JSW109 Glaze Bluish-white Fine Sugary white Qingbai-style box Box lid 
JSW110 Glaze Bluish-white Fine Sugary white Qingbai-style box Box base 
JSW111 Glaze Bluish-white Fine Sugary white Qingbai-style box Box base 
JSW112 Glaze Bluish-white Fine Sugary white Qingbai-style box Box base 
JSW113 Glaze Bluish-white Fine Sugary white Qingbai-style box Box base 
JSW114 Glaze Bluish-white Fine Sugary white Qingbai-style box Box base 
JSW116 Glaze Bluish-white Fine Sugary white Qingbai-style box Box base 
JSW117 Glaze Bluish-white Fine Sugary white Qingbai-style box Box base 
JSW121 Paste Black slip (some green 
glaze) 
Fine-medium ? Painted ware box Box base 
JSW122 Paste Milky white Fine Sugary white Qingbai-style box Box base 
JSW123 Paste Bluish-white Fine Sugary white Qingbai-style box Box base 
JSW124 Paste Bluish-white Fine Sugary white Qingbai-style box Box lid 
JSW125 Paste Light blue Fine Sugary white Qingbai-style (white 
ware?) vase 
Vase 
JSW126 Paste Light blue-aqua Fine-medium Cream with dark inclu-
sions 
Qingbai ewer Ewer 
JSW127 Paste Light blue-aqua Fine-medium Cream with dark inclu-
sions 
Qingbai ewer Ewer 
JSW129 Paste Black slip with green over-
glaze 
Fine-medium Purplish-gray Painted ware ewer Ewer 
JSW131 Paste Light blue-aqua Fine-medium Cream with dark inclu-
sions 
Qingbai plate Saucer 
JSW133 Paste Aqua Fine Cream with dark inclu-
sions 
Qingbai plate Shallow dish, 
saucer, or 
plate base 
JSW134 Paste Light blue (some greenish 
tint) to aqua when pooling 
Fine-medium Sugary white Qingbai-style (white 
ware) vase 
Vase 
JSW135 Paste Light greenish-gray Fine Light gray Green-glazed bowl Bowl 
JSW136 Paste Aqua Fine-medium Cream with dark inclu-
sions 
Qingbai plate Saucer? 
JSW137 Paste Light blue-aqua Fine-medium Cream with dark inclu-
sions 
Qingbai plate Saucer 
JSW138 Paste Aqua Fine Cream Qingbai plate Shallow dish? 
JSW139 Paste Aqua Fine-medium Cream with dark inclu-
sions 
Qingbai ewer Ewer 
JSW151 Paste Aqua Fine White Qingbai plate Shallow dish? 
JSW152 Paste Light blue-aqua Fine-medium Cream with dark inclu-
sions 
Qingbai plate Saucer or 
plate base 
JSW153 Paste Aqua Fine White Qingbai plate Shallow dish? 
JSW154 Paste Light blue Fine-medium Cream with dark inclu-
sions 
Green-glazed bowl Bowl 
JSW156 Paste Light blue-aqua (translu-
cent) 
Fine Sugary white Qingbai plate Shallow dish 
JSW157 Paste Light blue-aqua (translu-
cent) 
Fine Sugary white Qingbai plate Shallow dish 
JSW158 Paste Weathered green glaze 
over black slip 
Fine-medium Dirty cream Painted ware ewer Ewer 
JSW159 Paste Weathered green glaze 
over black slip 
Fine-medium Sugary white Painted ware bowl Bowl 
JSW160 Paste Weathered green glaze 
over black slip 
Fine-medium Bright white Painted ware jar Jar 
JSW161 Paste Light blue-aqua (translu-
cent) 
Fine Sugary white Qingbai bowl Bowl 
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JSW163 Paste Light blue-aqua (translu-
cent) 
Fine Sugary grayish-white Qingbai bowl Bowl 
JSW164 Paste Weathered green glaze 
over black slip 
Fine-medium Dirty cream Painted ware ewer Ewer 
JSW165 Paste Weathered green glaze 
over black slip 
Fine-medium White? Painted ware bowl Bowl 
JSW168 Paste Light blue-aqua (translu-
cent) 
Fine Sugary white Qingbai plate Shallow dish 
JSW169 Paste Weathered green glaze 
over black slip 
Fine-medium Gray Painted ware ewer Ewer 
JSW170 Paste Weathered green glaze Fine-medium Purplish-gray Painted ware ewer Ewer 
JSW171 Paste Weathered green glaze 
over black slip 
Fine-medium Sugary white Painted ware ewer Ewer 
JSW173 Paste Weathered green glaze 
over black slip 
Fine-medium Sugary white Painted ware bowl Bowl 
JSW174 Paste Weathered green glaze 
over black and white slip 
Fine-medium Gray Painted ware ewer Ewer 
JSW176 Glaze Light blue-aqua Fine-medium Cream with dark inclu-
sions 
Qingbai ewer Ewer 
JSW178 Glaze Aqua Fine Bright white Qingbai plate Shallow dish? 
JSW180 Glaze Aqua Fine-medium Cream with dark inclu-
sions 
Qingbai plate Saucer 
JSW183 Glaze Light blue-aqua Fine-medium Cream with dark inclu-
sions 
Qingbai ewer Ewer 
JSW184 Glaze Aqua Fine-medium Cream with dark inclu-
sions 
Qingbai ewer Ewer 
JSW185 Glaze Light blue-aqua (translu-
cent) 
Fine Sugary white Qingbai plate Shallow dish 
JSW186 Glaze Aqua Fine White Qingbai plate Shallow dish? 
JSW188 Paste Light blue Fine Sugary white Qingbai-style (white 
ware) vase 
Vase 
JSW189 Paste Light blue-aqua Fine-medium Cream with dark inclu-
sions 
Qingbai plate Saucer 
JSW190 Paste Light blue-aqua Fine-medium Cream with dark inclu-
sions 
Qingbai plate Saucer or 
plate base 
JSW191 Paste Aqua Fine Bright white Qingbai plate Shallow dish? 
JSW192 Paste Qingbai Fine-medium ? Qingbai plate Shallow dish 
JSW193 Paste Light blue-aqua Fine-medium Cream with dark inclu-
sions 
Qingbai vase Vase 
JSW194 Paste Aqua Fine-medium Cream with dark inclu-
sions 
Qingbai plate Saucer 
JSW195 Paste Light blue-aqua Fine-medium Cream with dark inclu-
sions 
Qingbai ewer Ewer 
JSW196 Paste Light greenish-gray Fine-medium White with dark inclusions Green-glazed bowl Bowl 
JSW197 Paste Black slip with green over-
glaze 
Fine-medium Pale gray Painted ware ewer or 
vase 
Ewer or vase 
JSW198 Paste Light greenish gray Fine Sugary white Green-glazed bowl Bowl 
JSW199 Paste Light-medium olive-green Fine Lavender gray Green-glazed bowl Bowl 
JSW200 Paste Light olive-green Fine Lavender gray Green-glazed bowl Bowl 
JSW201 Paste Qingbai weathered to tan  Cream with thin gray core Qingbai bowl Bowl 
JSW202 Paste Light grayish-green Fine Sugary white Green-glazed bowl Bowl 
JSW203 Paste Light greenish gray Fine Sugary white Green-glazed bowl Bowl 
JSW204 Paste Light greenish gray Fine Sugary white Green-glazed bowl Bowl 
JSW205 Paste Light olive-green Fine Lavender gray Green-glazed bowl Bowl 
JSW206 Paste Light-medium olive-green Fine Lavender gray Green-glazed bowl Bowl 
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JSW207 Paste Light blue-aqua Fine Sugary white Qingbai-style bowl Bowl 
JSW208 Paste Light-medium bluish-olive-
green 
Fine Lavender gray Green-glazed bowl Bowl 
JSW209 Glaze Light blue Fine Sugary white Qingbai-style (white 
ware) vase 
Vase 
JSW211 Glaze Light-medium bluish-olive-
green 
Fine Lavender gray Green-glazed bowl Bowl 
JSW212 Glaze Light blue-aqua Fine Sugary white Qingbai-style bowl Bowl 
JSW213 Glaze Light blue-aqua Fine-medium Cream with dark inclu-
sions 
Qingbai plate Saucer or 
plate base 
JSW214 Glaze Light blue-aqua Fine-medium Cream with dark inclu-
sions 
Qingbai vase Vase 
JSW219 Glaze Light greenish gray Fine Sugary white Green-glazed bowl Bowl 
JSW220 Glaze Light greenish gray Fine Sugary white Green-glazed bowl Bowl 
JSW900 Paste Aqua Fine-medium Cream with dark inclu-
sions 
Qingbai plate Saucer 
JSW901 Paste Black slip with green over-
glaze 
Fine-medium Grayish lavender Painted ware vase Vase 
JSW902 Paste Aqua Fine-medium Cream Qingbai ewer Ewer 
JSW904 Paste Weathered green glaze 
over black slip 
Fine-medium Gray Painted ware ewer Ewer 
JSW905 Glaze Bluish-white Fine Sugary white Qingbai-style box Box lid 
JSW906 Glaze Bluish-white Fine Sugary white Qingbai-style box Box lid 
JSW907 Glaze Bluish-white Fine Sugary white Qingbai-style box Box lid 
JSW908 Glaze Light blue-aqua Fine-medium Cream with dark inclu-
sions 
Qingbai plate Saucer 
JSW909 Glaze Light blue-aqua Fine-medium Cream with dark inclu-
sions 
Qingbai plate Saucer or 
plate base 
JSW910 Glaze Light blue-aqua Fine-medium Cream with dark inclu-
sions 
Qingbai plate Shallow dish 
 
 
